Sinus surgery aimed at removing diseased sinus mucosa and enhancing aeration of the sinuses has been in vogue to treat a variety of conditions. Transnasal endoscopic sinus surgery, especially ethmoidal surgery, poses a great risk of orbital injury especially in the hands of the inexperienced endoscopic surgeon owing to the close relation between the orbit and the sinuses. [1] We describe a case of combined optic nerve injury and central retinal artery occlusion (CRAO) following endoscopic sinus surgery which was managed successfully with good recovery of vision with intravenous methylprednisolone and hyperbaric oxygen.
Case Report
A 43-year-old woman presented to us with complaints of sudden-onset painless visual loss in her right eye a few hours after an endoscopic sinus surgery with septoplasty. Vision in her right eye was perception of light and accurate projection. Her left-eye vision was 6/6, and examination was within normal limits. Extraocular movements were normal without any proptosis. There was a subconjunctival hemorrhage on the temporal aspect of the bulbar conjunctiva in the right eye. Anterior-segment evaluation revealed relative afferent pupillary defect (Grade 3) in her right eye. Fundus evaluation after pupillary dilatation showed normal disc with pale retina and prominent opacification of the retina in periarteriolar region with cherry red spot. The retinal periphery was normal [ Figure 1a ]. The left eye's fundus was within normal limits. With a suspicion of right eye CRAO with optic nerve injury, an urgent magnetic resonance imaging and computed tomography (CT) scan were performed [ Figure 2 ]. This showed diffuse right-eye optic nerve edema in the intraconal segment, a break in the lamina papyracea with medial bony displacement, and herniation of the orbital fat through the defect. Review of her operative notes revealed that she had undergone uncinectomy and middle meatal antrostomy. Erosion of the lamina papyracea was noted with prolapse of the orbital fat during the surgery.
On the same day, she was administered injection methylprednisolone 1 g intravenous once a day which was given for 3 days and was also started on sublingual nitroglycerin with blood pressure and electrocardiogram monitoring. The next day, she underwent fundus fluorescein angiography which showed delayed perfusion of the retinal arterioles with intact choroidal circuit and disc perfusion [ Figure 1b ]. Visually evoked potential performed on the same day revealed delayed P100 latency, suggesting an anterior optic nerve pathway lesion [ Figure 3b ]. She also received hyperbaric oxygen at 2 atmospheric pressure for 90 min a day under the supervision of an internist for 10 days. After 10 days, her
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best-corrected visual acuity in the right eye was 6/12. Retinal examination revealed disc pallor in her right eye [ Figure 4a ]. Repeat fundus fluorescein angiography revealed improved perfusion of the retinal arteriolar circuit and adequate disc perfusion [ Figure 4b ]. At the 4 th month follow-up, her vision was 6/12 in her right eye, but she continued to have defective color vision, contrast and visual field [ Figure 3a ].
Discussion
The orbit is at greatest risk during endoscopic sinus surgery as the lamina papyracea is extremely thin, sometimes absent, and forms a near-imperceptible boundary during sinus surgery. [2] The risk of damage is greater when the tissue is diseased or mechanized systems are used for sinus debridement. Mechanized systems extract tissue rapidly and do not provide any tactile feedback, thus predisposing to inadvertent orbital entry. [3] Optic nerve injury can be direct or indirect due to instrumental damage or tissue or fat prolapse into the orbit from the ethmoidectomy site. Aerated posterior ethmoidal cells, called Odoni cells, can also be present close to the optic nerve, putting it at greater risk of injury. [4] These problems can be averted by performing a good CT scan, identifying the areas of disease preoperatively, and looking for anatomical variants. Early intraoperative location of the lamina papyracea, measures to reduce intraoperative bleeding, and good surgical technique can reduce the incidence of complications. Intraorbital hemorrhage can be due to direct injury to a vessel or trickling of blood from the sinuses into the orbit medially which can cause rapid onset of proptosis and loss of vision. Traction on an orbital vessel can also cause intraorbital hemorrhage. A transected ethmoidal artery can also retract into the orbit and bleed, leading to severe proptosis. It is best to keep the eye uncovered during endoscopic sinus surgery. Any movement of the eyeball indicates traction on the orbital fat with inadvertent orbital entry. Other indications of intraorbital hemorrhage include sudden proptosis or bruising of the lids or sudden swelling of the lids.
Observing the pupil is also important during surgery. Pupil dilation during surgery indicates either ischemia or damage to the pupillomotor nerves or optic nerve. Severe orbital hemorrhage leads to compressive optic neuropathy with subconjunctival hemorrhage, rapidly increasing proptosis, and a tense orbit. Diplopia indicates either muscle entrapment or muscle injury. [1, 5] Hyperbaric oxygen therapy (HBOT) includes the inhalation of 100% oxygen at pressures >1 atmosphere absolute to enhance the amount of oxygen dissolved in the body tissues. During HBOT, the arterial oxygen tension exceeds 2000 mmHg, nearly 20-30 times the amount of oxygen dissolved in the plasma. [6] Normally, about 60% of the retina's oxygen consumption is supplied by the choroidal circulation, but with HBOT, nearly 100% of the oxygen to the retina can be supplied by the choroidal circulation. [7] The mechanism of HBOT is to increase the oxygen to the ischemic tissue till reperfusion occurs. HBOT is approved by the US Food and Drug Administration for the treatment of CRAO. [6] HBOT can increase the amount of oxygen dissolved in plasma from 0.32 to 6 ml oxygen/100 ml, which is almost 17-fold more than breathing room air. [8] HBOT is useful provided the ischemic macula has not developed the irreversible anoxic change in the form of a cherry red spot. [9] HBOT can oxygenate the ischemic, yet not fully necrotic retina, reverse the preinfarction, and significantly improve the visual outcome. [9] However, in our patient, in spite of ischemia and the presence of a cherry red spot, we managed to recover satisfactory vision. In our patient, HBOT was used to treat the ischemic retina and methylprednisolone for the optic nerve injury with good outcome. Thus, in our patient, identification of the presence of more than one mechanism of injury and their treatment individually with two modalities resulted in a good visual recovery.
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